Guinea pig boars were inoculated intraurethrally with the chlamydial agent of guinea pig inclusion conjunctivitis (GPIC). At the heights of their urethral infections, they were caged with sows in estrus. Whereas some of the sows had not been previously exposed to GPIC agent, others had received an intravaginal inoculation 5 to 8 weeks earlier. We undertook the present study in order to develop methods, concepts, and data that would shed light on the immunology of sexually transmitted GPIC infections and, by analogy, on the immunology of human sexually transmitted diseases.
Sexual transmission of certain serotypes of Chlamydia trachomatis is associated with some nongonococcal urethritis in men, with chlamydial infection of the cervix, and (indirectly) with neonatal inclusion conjunctivitis (4, 6, 7, 9, 21) . The agent of guinea pig inclusion conjunctivitis (GPIC) (5, 10, 16) , a strain of C. psittaci, has similar propensities in its natural rodent host. Mount et al. (14, 15) demonstrated that the GPIC organism could infect the urethra of boars, the vagina of sows, and the conjunctivae of newborn piglets whose dams had vaginal infections. Urethrally infected boars transmitted the infection to their mates' vaginas. Howard et al. (8) and Murray (17) showed that a guinea pig, after recovering from a genital tract infection, subsequently resisted reinfection when challenged at the same site. Moreover, a conjunctival infection induced immunity in the genital tract as well as in the conjunctivae, but recovery from genital tract infection did not result in solid ocular immunity. Resistance to reinfection of the vagina did not correlate unconditionally with the titer of local secretary immunoglobulin A (sIgA) antibody in vaginal fluid (17) .
We undertook the present study in order to develop methods, concepts, and data that would shed light on the immunology of sexually transmitted GPIC infections and, by analogy, on the immunology of human sexually transmitted diseases.
MATERIALS AND METHODS
General plan. Guinea pig boars having urethral GPIC infections were caged with sows in estrus. Whereas some of the sows had not been previously exposed to GPIC agent, others had received an intravaginal inoculation 5 to 8 weeks earlier. Those sows for which infected boars provided the first exposure were challenged by intravaginal inoculation 5 to 8 weeks later. Samples were taken regularly for evidence of infection and of antibody production.
Experimental animals. The guinea pigs used were of the Hartley strain, from a herd that has been maintained free of the GPIC agent for the past 11 years. Sows were 5-to 14-month-old virgins weighing from 550 to 900 g. Boars were 6 to 11 months old and weighed from 700 to 1,000 g. All animals were caged singly in stainless-steel cages with wire mesh bottoms that provided 120 in2 of floor space (Harford Metal Products, Inc., Aberdeen, Md.). All animals were anesthetized with sodium pentobarbital (30 mg/kg) before inoculation or sampling, with the occasional exception of those undergoing no manipulation besides conjunctival scraping.
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Inocula and inoculating procedure. GPIC organisms, grown in the yolk sac of chicken embryos, were stored at -80'C as a 50% yolk sac suspension in phosphate-glutamate-sucrose (PGS) (2) without antibiotics. Sealed glass ampoules, each containing 0.1 ml of the suspension, served as storage vessels. An ampoule's contents were thawed only once, 1 to 2 h before use, and diluted 10-fold serially with PGS.
Sows were inoculated intravaginally with 0.05 ml of a 0.05% yolk sac suspension of GPIC organisms. The inoculum was delivered from a sterile glass 0.25-ml syringe through a blunted 21-gauge hypodermic needle. The needle was guided into the vagina along the outside of a previously inserted polyethylene micro test tube 5.5 mm in diameter (Bolab, Inc., Derry, N.H.). After delivery of the inoculum, the needle was withdrawn and the test tube was rotated briefly in order to distribute the chlamydial suspension.
Boars were inoculated intraurethrally with 0.05 ml of a 0.5% yolk sac suspension of GPIC organisms. The inoculum was delivered from a sterile glass 0.25-ml syringe through a 21-gauge hypodermic needle bearing 2 cm of vinyl tubing (0.2 mm ID, 1.4 mm OD) beyond its tip. The vinyl tubing was inserted almost entirely into the urethra of the extruded penis (8 , previously unexposed to GPIC agent, were similarly monitored. A sow was considered to be in estrus and ready to mate when her vaginal closure membrane had newly ruptured (22) . We can thus refer to a specific day of opportunity for "mating" for each sow.
Day 36 was the first day of mating. On this and every day through day 53, any group A or group B sow that had just come into estrus was caged successively with each of four to eight urethrally infected boars. After each mating pair had been left undisturbed for 1 to 2 h, the animals were rotated to new partners. At the end of this period of promiscuous socialization, each sow was returned to the solitary confinement of her own cage. If a sow became pregnant, her farrowing date and her farrow size were later recorded.
On day 91, all group B sows were inoculated intravaginally with GPIC agent grown in yolk sac. Eleven additional sows (group C), previously unexposed to GPIC agent, were similarly inoculated. We shall refer to this set of inoculations as the challenge.
Schedule of sampling. Vaginal and conjunctival scrapings were obtained from sows a few days before each planned exposure to GPIC agent and weekly for 3 weeks after such exposure. Sows' bloods and vaginal secretions were also obtained before each exposure and then 2 and 4 weeks after. A urethral washing was obtained from each boar when he was withdrawn from the mating pool, 8 days after intraurethral inoculation.
Evidence of vaginal or conjunctival infection. Dental spatulas (Tarno WDS 2, S. S. White) were used to scrape vaginal and conjunctival epithelia and to smear the scrapings on glass microscope slides. Chlamydial inclusions were stained either by Giemsa's method at pH 6.4 or with FITC-conjugated goat anti-GPIC antibody.
Evidence of urethral infection in boars. Because cytological diagnosis of infection in boars' urethral scrapings was unreliable in our hands, we tested for infectivity of the urethral contents by culturing urethral washings in irradiated McCoy cells (11, 23) . In order not to depress the boars' sexual activity, we took washings 8 days after intraurethral inoculation, at the same time a boar was withdrawn from the mating pool, our preliminary trials having shown that infectivity titers of urethral washings did not change significantly between 4 and 8 days after inoculation. As a control for contamination from the operating room environment, we also sampled a normal boar at the end of each of two urethral washing sessions.
Using a 21-gauge hypodermic needle bearing 2 cm of vinyl tubing beyond its tip, we injected 0.1 ml of sterile PGS from a plastic 1.0-ml tuberculin syringe into the urethra of the extruded penis. The external urethral orifice was held shut around the tubing while (Murray, unpublished data) . After approximately 90 min, the sponge was withdrawn by means of the attached thread; it was stored in a 0.5-ml micro test tube at -20oC. Before titration, the sponge was mixed with 0.05 ml of added buffered saline in order to provide adequate fluid volume. The resulting dilution factor, assumed to be 2 in all calculations, was actually greater than 2 for many sponges that had not been saturated with vaginal fluid.
Vaginal secretary IgA anti-GPIC antibody was titrated by means of an indirect FA test using four layers (18) . Plaques of GPIC antigen, constituting the first layer, were exactly as described above for the serum antibody titration. The second layer was pipetted from fourfold serial microtiter dilutions of the initially diluted vaginal fluid. The third layer, applied at a dilution of 1:100, was rabbit antiserum to sIgA of normal guinea pig colostrum (18 they remained free of vaginal infections after having been caged, while in estrus, with urethrally infected boars. One sow that had had only a vaginal infection acquired a conjunctival infection from the boars with which she was caged. Four group A sows became palpably pregnant and eventually farrowed after a normal gestation period of about 9 weeks. Patterns of GPIC infection in sows confined with urethrally infected boars and then challenged intravaginally (group B, Table 2 ). Previously unexposed to GPIC agent, all but one of the 22 group B sows came into estrus while urethrally infected boars were available for mating. Six sows acquired, from their mates, a vaginal infection unaccompanied by a conjunctival infection; in three other animals, infections developed at both sites. When subsequently challenged, none of these nine sexually infected sows developed a second vaginal infection. Twelve sows remained free of infection before challenge, and ten of these (including the one that failed to come into estrus) developed a post-challenge vaginal infection. For statistical analysis, the 12 sows that remained inclusionfree before challenge were considered equivalent to sows of the challenge control group (group C).
Two group B sows became pregnant and farrowed.
Vaginal GPIC infection in sows of the challenge control group (group C). Previously unexposed to GPIC agent, the 11 sows of control group C were challenged intravaginally in parallel with the 21 surviving group B sows. After challenge, eight control sows developed a vaginal infection.
Statistical analysis of reinfection data. Using data for groups A and B (Tables 1 and 2), Next, using data for groups B and C ( Tables 5 and 6 . Unequivocal infection was associated with a rise in mean reciprocal titer from 20 or less to 270 or more. However, an apparently uninfected sow in group A had a late post-mating titer of 80, and three group B sows that did not become inclusion positive until chal- (2)a (3) (2) (8, 16, 17) , resembling in this respect conjunctival infections caused by trachoma-inclusion conjunctivitis organisms in humans (6) . In general, however, laboratory GPIC infections seem to be more protectively immunogenic than natural infections of humans by C. trachomatis. Among possible protective immunological mechanisms in GPIC infections, local sIgA antibodies and cell-mediated immunity have both been implicated (12, 18, 24) . The role of vaginal sIgA antibodies in humans remains to be elucidated (3, 19) . The results of our antibody titrations confirm previous work (15, 17) showing that vaginal GPIC infection induces formation of both serum antibody and vaginal sIgA antibody. The occasional occurrence of a serum antibody titer of 1:80 or 1:320 in a sow with no history of conjunctival or vaginal infection is perplexing: we cannot exclude the possibility of infection at other sites (13) .
We used McCoy cell culture to demonstrate that our boars all carried infective GPIC organisms in their urethras at the end of the mating period. Our success with the urethral washing/cell culture method should be encouraging to other investigators who find, as we have, that scraping a boar's urethra not only is traumatic, but also fails too often to yield conclusive evidence for or against the existence of infection.
